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(54) Dual Directional Harmonics Dissipation System 



(57) An apparatus is disclosed wherein a dual direc- 
tional hannonlcs dissipation filter includes an input ter- 
minal coupled to a RF power amplifier providing a radio 
frequency signal in a predetemnrned frequency range, 
an output temfiinal for providing the radio frequency sig- 
nal to a load at the predetermined frequency range, a 
low pass filter connected between the input terminal and 
the output terminal, and a plurality of high pass filters 
coupled to the low pass filter wherein the plurality of high 
pass filters receive and dissipate signals in excess of 
the predetemiined frequency range and wherein the 



plurality of high pass filter's effect on the impedance is 
offset at the Input and output of the low pass filter. En- 
ergy dissipation in an RF generator system is accom- 
plished by supplying an RF signal from a RF power am- 
plifier, diverting signals from the RF power amplifier hav- 
ing frequencies in excess of a predetennined frequency 
range to a first high pass filter, dissipating the signal In 
excess of the predetennined frequency range, and re- 
ceiving harmonic energy from a plasma chamber to a 
second high pass filter, and dissipating the hannonic en- 
ergy. 
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Description 

[0001 ] This invention relates to high power RF ampii- 
fier systems, such as those employed in semiconductor 
plasma processing applications. 5 
[00021 Plasma processing installations, which in- 
cludes plasma reactors, are in widespread use in sem- 
iconductor fabrication. Plasma reactors are used to 
change the electrical characteristics of raw materials (e. 
g. silicon) during the manufacture of semiconductor- io 
based electrical components like discrete transistors, 
medium and large scale integrated circuits, microproc- 
essors and random-access memories. Typical opera- 
tions performed using plasma reactors include sputter- 
ing, plasma etching, plasma deposition, and reactive ion is 
etching. 

[00031 In operation, a semiconductor woric-piece is 
placed in the reactor. Next, gas is introduced into the 
plasma reactor at low pressure. Then, radio frequency 
(RF) power is applied to the gas to convert the gas into 20 
a plasma. The plasma is comprised of electrically- 
charged ions that react with exposed regions of the sem- 
iconductor wortc-plece. As a result of many such opera- 
tions, electrical circuits are created in the semiconductor 
work-piece. 25 
[0004] Plasma processing installations used in semi- 
conductor fabrication generally comprise an RF gener- 
ator, an RF power cable coupled at one end to the RF 
generator, an impedance matching networi<, and a RF 
power cable or a pair of copper straps which connect to 30 
the electrodes of the plasma reactor. During operation, 
the impedance of the plasma reactor is subject to sub- 
stantial variation. Prior to Ignition, the gas in the reactor 
is not ionized and therefore not conductive. Upon appli- 
cation of RF power, the gas begins to ionize and the load 
impedance drops as charge carriers are created In the 
reactor. After the start-up period a steady-state operat- 
ing condition Is eventually achieved. 
[0005] Variations in the plasma flux (the product of the 
plasma density and the plasma charge velocity) can al- ^ 
so cause significant transients in the load impedance, 
even during steady-state operations. In addition, during 
ignition and prior to achievement of steady-state, sub- 
stantial impedance variations encountered may lead to 
significant power being reflected back to the RF gener- 
ator causing it to become unstable and possibly desta- 
bilize the plasma process or damage the RF generator. 
This is especially the case for high "Q* plasma process- 
es. As will be further illustrated, standard non-dissipa- 
tive filter configurations are not sufficient for the stable so 
operation of the entire range of processes encountered. 
[0006] in the art of plasma deposition or sputtering, 
for example, the process Is driven by radio frequency 
energy typically provided at a relatively constant fre- 
quency, or band of frequencies such as for instance ss 
13.56 MHz, ±5%, at levels up to several kilowatts. Typ- 
ically, there Is an RF generator coupled to a plasma 
chamber with a nnatching networic interposed between 



them to match the impedance of the plasma chamber 
to the RF generator output source impedance, which is 
typically 50 ohms. 

[0007] An RF energy delivery system may comprise 
an RF generator, a matching networic, and a load. Fre- 
quency agile plasma systems, which operate over a pre- 
detennined frequency bandwidth instead of a constant 
frequency, for instance a bandwidth representing a fluc- 
tuation of between about ±5 to ±10%, are becoming 
generally more desirable as they allow greater freedom 
to accomplish optimal plasma Impedance match and 
thus allow a fixed or variable matching networic. 
[0008] Because the plasma does not behave like a lin- 
ear ohmic resistance, the application of RF energy by 
the RF generator to the plasma chamber produces ouf 
of band energy which can be at multiples of the source 
frequency (hannonlcs) or at fractions thereof (sub-har- 
monics). 

[0009] Dissipative filters have often been employed in 
communications work, for example, as a narrow band- 
pass 1. F. filter after the first down converter of a receiver 
front end. Dissipative filters are employed to Improve 
performance, where it is needed to provide proper con- 
trolled temiination to the out of band signals. However, 
dissipative filters have not been favored because they 
do not offer the sharp attenuation slope of an equh^atent 
lossless filter. Consequently, because of the shallow at- 
tenuation slope and energy dissipation problems, circuit 
designers have been reluctant to interpose filters of this 
type in an RF delivery system where the RF power can 
be several kilowatts. 

[0010] A dissipative hannonic fitter can be interposed 
in between the generator and the matching networic to 
deal with the problem of out-of-band signals generated 
by the non-linearity of the plasma load as described in 
U.S. Patent No. 5,1 87,457. Previous attempts to do this 
have generally involved reflective type lossless filters, 
which reflect rather than absorb hannontes. This, how- 
ever, did not solve plasma chamber stability problems 
associated with specific process conditions, speciffcally 
high "Q" recipes, because standard reflective filters with 
both Chebyshev or elliptic designs do not provide dissi- 
pative termination of hanmonlcs. While these designs 
keep hannonlcs from the load, they ground harmonics 
via alternative paths. The hamnonics in the ground paths 
create hamionic ground currents, known as "hot 
grounds" which create additional gate-source voltage 
differential, potentially harmful to MOSFET dies. The 
presence of hannonic ground cun-ents also create har- 
monically super-imposed fundamental frequency wave- 
form at the l\/IOSFET gates thereby affecting their 
switching characteristk:s. This results in inconsistent 
drive level requirements for the same output power at a 
given supply voltage. Therefore a dlplexer with a termi- 
nated high pass filter at the input of the low pass filter 
may also be interposed between the driver output and 
amplifier input inside the RF generator. 
[0011] Cascading filters such as those referenced In 
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U.S. Patent No. 5,187,457, are dissipative, yet are only 
suitable for fixed frequency plasma systenrrs because of 
excessive power loss over the required bandwidth, re- 
moval of dissipated power and the associated size. 
Moreover, these filters laclcsuffrcient rejection of the har- 
monics and so, In addition, require lossless filters for the 
desired plasma system harmonic rejection levels. 
[0012] The semiconductor plasma processing equip- 
ment industry demands lower cost and much smaller 
size plasma generators, as fabrication space is now at 
a premium. High voltage MOSFETs with innovative cir- 
cuit topologies, using surface mounted technology and 
improved cooling methods, have been considered as 
presenting a possible solution to meet this challenge. 
However, high voltage MOSFETs are sensitive to har- 
monic ground currents caused by swrtchmode driver 
output and energy reflected bacl^ from the plasma 
chamber. The occun^nce of ground hannonlc cun^ents 
may cause the RF power amplifier to: a) switch incon- 
sistently for the desired performance with respect to 
power gain and efficiency; b) become unstable and de- 
liver Incorrect power with respect to set point; c) cause 
plasma flux drop-out; and, d) Increase gate-source dif- 
ferential voltages causing damage to the MOSFETdies. 
[0013] These disadvantages of the prior art are over- 
. come by the present invention. 
[0014] The present invention is directed to a dual di- 
rectional diplexer harmonics dissipation filter for a RF 
genierator system which includes an input temiinal cou- 
pled to a power source providing a radio frequency sig- 
nal In a predetem^lned frequency range, an output ter- 
minal for providing the radio frequency signal to a load 
at the predetennined frequency range, a low pass filter 
having an input and output, the low pass filter connected 
between the Input temiinal and the output temiinal, a 
plurality of high pass filters coupled to the low pass filter 
wherein the plurality of high pass filters dissipate signals 
In excess of the predetennined frequency range and the 
plurality of high pass filters have a predetemnined cir- 
cuitry effect selected from the group consisting of ca- 
pacitance and inductance, and the resultant effect is off- 
set and absorbed by the low pass filter at the input and 
the output. 

[0015] Also disclosed is a dual directional hamionlcs 
dissipation filter for a frequency agile RF generator sys- 
tem powering a load, comprising an RF power amplifier, 
an output terminal coupled to the RF power amplifier 
providing a radio frequency signal In a predetermined 
frequency range, a low pass filter having an Input and 
an output, an Input impedance and an output imped- 
ance, the low pass filter coupled to the output terminal, 
a high pass filter coupled to the low pass filter output 
wherein the high pass filter receives and dissipates har- 
monic signals reflected from the load, in excess of the 
predetermined frequency band and wherein the high 
pass filter's effects on the output impedance of the low 
pass filter is offset, and filter means for managing har- 
monic signals produced by the RF power amplifier, the 



filter means coupled to the low pass filter input wherein 
the filter means' effects on the input impedance of the 
low pass filter is offset. 
[0016] In The Drawings 

5 

Figure 1 is a system block diagram of a frequency 
agile RF plasma system of the prefen-ed embodi- 
ment of the invention. 

Figure 2 Is a system block diagram of a dual direc- 
10 tional diplexer of the prefen-ed embodiment of the 
invention. 

Figure 3 Is a schematic diagram of the dual direc- 
tional diplexer of the prefen-ed embodiment of the 
invention. 

'5 Figure 4 is a schematic diagram of the dual direc- 
tional diplexer of an alternative embodiment of the 
invention. 



[0017] With reference to the drawing and initially to 
20 Figure 1, one embodiment of a system for employing 
high-power radio frequency (RF) energy comprises an 
RF generator 9 having an RF power amplifier 10 and a 
dual directional diplexer 16. The RF power amplifier 10 
providing alternating current within a radio frequency 
25 band, for Instance ±5 to ±1 0% of 1 3.56 MHz, at a power 
of up to 3000 watts for this example. The RF power am- 
plif ier 1 0 has an effective output impedance of 50 ohms. 
The RF energy is applied to a plasma chamber 12, 
which imposes an RF load. The load impedance can 
30 vary during operation, and is non-linear, thereby con- 
verting the frequencies of the input RF energy within the 
preferred frequency band Into energy at frequencies 
which are multiples or fractions of that input frequency. 
In accordance with the present invention, impedance 
35 matching networic 14 is Interposed between a dual di- 
rectional diplexer 16 and plasma chamber load 12 for 
matching the impedance of the plasma chamber 12 to 
the 60 ohm impedance of the RF power amplifier 1 0. 
[0018] The dual directional diplexer 1 6 in accordance 
^ with the present invention is preferably placed In series 
with the RF power amplifier 10 and the matching net- 
woric 1 4 for passing energy In a passband, for instance, 
within ±5% centered on the 13.56 MHz frequency, but 
dissipating energy that is above the passband. The low 
45 frequency and subharmoic energy below the passband 
is dissipated in resistive temiinations via other filter net- 
works, not pfctured, in the RF power amplifier Id. The 
dual directional diplexer 16 Is illustrated here as being 
in series between the RF power amplifier 10 and the 
50 matching network 14, but it is contemplated that it may 
also be placed in other suitable locations In the system, 
e.g. within the RF power generator 9. Given the relative- 
ly smaller size of Its circuitry, this and other options for 
placement of the dual directional diplexer 16 within the 
55 system are possible, 

[001 9] Figure 2 is a block diagram Illustrating the sys- 
tem components of the dual directional diplexer 1 6. The 
dual directional diplexer 16 includes low pass filter 20 
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which receives output 25 from RF power amplifier 10 
and at least two high pass filters 27a and 27b to receive 
and dissipate hamnonic energy. In one embodiment of 
the invention, in order to maintain a -50dBc, or below, 
harmonic content and stable operation over the entire 
dynamic range, diplexer 1 6 through which the RF power 
amplifier 10 output 25 passes, includes a fifth order 0.1 
dB passband ripple elliptic response low pass filter 20 
and a plurality of fifth order 0.1 dB passband ripple 
Chebyshev response high pass filters. In figure 2, high 
pass filters 27a and 27b are pictured. Depending on the 
particular application, higher order filters, e.g. seventh 
or ninth order filters, may also be used. Low pass filter 
20 has a cutoff frequency of 16.4 MHz, with a typical 
rejection floor of -43dBc. Second hannonic rejection 
from this filter is typically -42 dBc. The third hannonic 
rejection is typically -62 dBc. However, for RF genera- 
tors in plasma applications, the rejection of hamnonlcs 
by low pass filter 20 is not enough, and steps must be 
taken to dissipate the hannonics energy. 
[0020] In the presently preferred embodiment, dissi- 
patlve temiination of hamionlcs is achieved through at 
least two high pass fitters, 27a and 27b, one added at a 
junction 15 prior to the input and one added at a junction 
17 after the output of the low pass filter 20. Hamnonic 
energy may enter the system in one of two ways. It may 
be produced by the RF power amplifier 1 0 or it may be 
reflected back from the plasma chamber 12 during the 
transient flux produced by ionization of the plasma me- 
dium. Dissipation of harmonics from the RF power am- 
plifier 10 is provided by the high pass filter 27a at the 
low pass filter 20 input. Dissipation of hannonics reflect- 
ed back from the plasma chamber 12, coming back to- 
ward the RF power amplifier 1 0, is received by the high 
pass filter 27b and dissipated. 
[0021] The diplexer 16, i.e., high pass/low pass filter 
arrangement, typically minimizes hannonic distortion 
and has a dlssipatlve harmonic temiination for hannon- 
ics received at the high pass filters* 27a and 27b inputs. 
The low pass/high pass filter combination of the present 
embodiment forms a dual directional diplexer 16 dissi- 
pating hannonic energy originating from both the RF 
power amplifier output and that reflected back from the 
plasma chamber load. 

[0022] Other dual directtonal hannonic filter an^ange- 
ments, including high pass and low pass filters, are con- 
templated and are within the scope of this invention. For 
instance, more than two high pass filters may be utilized 
to increase dissipation of harmonic energy with or with- 
out additional low pass filters. Moreover, use of only one 
high pass filter, connected at a junction between the low 
pass filter output and the load, to dissipate energy re- 
flected back from the plasma chamber, may be em- 
ployed in conjunction with other means for managing, 
e.g. dissipating, reflecting and/or grounding, hannonic 
energy produced from the RF power amplifier. In other 
words, the single high pass filter at the low pass filter 
output may be used without a second high pass fitter at 



the low pass filter input, but rather with a diplexer, re- 
flective type filter or cascading dissipative filter, located, 
for instance, elsewhere within the RF generator circuitry, 
such as incorporated into RF power amplifier circuitry, 
5 or as a separate hannonics filter circuitry in series be- 
tween the RF generator and the matching networic to 
provide reflection, dissipation or grounding of hamionrcs 
produced by the RF generator during operation. 
[0023] In the presently preferred embodiment, the 
10 hannonics from the RF power amplifier and/or the plas- 
ma chamber are dissipated in the high pass filters' 27a 
and 27b resistive temninations without appreciably af- 
fecting the signal that is within the bandwidth, for in- 
stance between ±5% of 1 3.56 MHz, for frequency agile 
15 plasma systems. High pass filters 27a and 27b reduce" 
the harmonic ground cunrent and thus protect the RF 
generator from becoming unstable and/or delivering RF 
power to the plasma chamber 12 at a level much lower 
than at the set point and thereby causing flux drop-out 
^ In the plasma. The lower level of hannonic ground cur- 
rents also protect the MOSFET dies in the power source 
from excessive gate-source voltage differential, typical- 
ly not to exceed the ±30 volts specification limits. Thus, 
In conjunction with low frequency and sub-hannonlc re- 
25 sistive temninations, the presently preferred dual direc- 
tional diplexer 16 provides stable operation of the RF 
power amplifier 10 over the entire range of voltage 
standing wave ratios (VSWRs) and over the complete 
dynamic range of the system. This is partfculariy impor- 
30 tant for the stability of plasma systems perfonning high 
"Q" processes. 

[0024] The high pass filters 27a and 27b In the pre- 
ferred embodiment have a fifth order, 0.1 dB passband 
ripple, Chebyshev response and dissipate up to about 

35 500 watts of power. The cutoff frequency of the high, 
pass filters is 23.2 MHz with a 3 dB point at 20.4 MHz. 
Depending on the particular application, higher order fil- 
ters, e.g. seventh or ninth order filters, may also be used. 
While higher order filters will have less effect on the im- 

^ pedance and frequency response of the associated low 
pass filter, the increase in circuitry size is appreciable. 
Other specifications for the high pass filters applk^able 
to the processes described herein will occur to those 
skilled in the art. 

45 [0025] The high pass filters 27a and 27b and low pass 
filter 20 are shown in more detail in the schematic dia- 
gram of Fig. 3. in which the low pass filter 20 may be 
tuned to a bandwklth between ±5% of 13.56 MHz. The 
low pass filter 20 may be of an elliptical design having 

50 capacitors CI , C3. and C5 shorting out-of-band higher 
frequencies, and parallel LC resonance paths A and B 
having inductors LI and L2 as well as capacitors C2 and 
C4. blocking out-of-band higher frequencies, and pass- 
ing the amplified clean RF signal at 1 3.56 MHz and over 

55 the, for instance, ±5% bandwidth. While Illustrated as 
an elliptic design in Figure 3, the low pass filter 20 may 
also employ a Chebyshev design having shunt Input- 
output capacitance or series Input-output inductance to- 
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pology. 

[0026] The high pass niters 27a and 27b are each 
made up of a series of capacitors, respectively, C6, C7, 
and C8, and C9, C10 and C11 appearing as shorts to 
higher frequencies (harmonics) and as opens, blocking 
lowfrequency cun^nts from reaching the temiination re- 
sistors. R1 and R2. Inductances L3 and L4 as well as 
L5 and L6 appear as shorts to lower frequencies and 
opens to higher frequencies. In the high pass filters 27a 
and 27b, the bypassed higher frequency components 
which include 2nd, 3rd, 4th, 5th, etc. hanmonics, are 
preferably consigned to a 50 Ohm dissipating resist- 
ance, R1 and R2. Frequencies lower than the predeter- 
mined band fall within the high pass filters' 27a and 27b 
reject bands. 

[0027] In the preferred embodiment of Rgure 3, the 
high pass filters 27a and 27b each have a capacitance 
input, represented, respectively, by capacitors C6 and 
C9. Whife the high pass filters 27a and 27b in Figure 3 
are Chebyshev in design, it is also contemplated that 
these may also be elliptic In design. The !ow pass filter 
20 includes a capacltive input and output, respectively. 
CI and C5. complementing the capacltive Inputs of the 
high pass filters 27a and 27b in the reject band. The in- 
vention, therefore, contemplates offset, by the low pass 
filter's 20 input and output circuitry, of the capadtative 
effects of the high pass filters 27a and 27b on Imped- 
ance to regain perfomiance within the desired funda- 
mental frequency band. 

[0028] For instance, the selected high pass filter to- 
pology (using series input capacitors) has capacltive in- 
put Impedance in the reject band, resulting In an equiv- 
alent capacitance value In the predetermined frequency 
band, e.g. a bandwidth of ±5% 1 3,56MHz. This equiva- 
lent input capacitance of the high pass filters 27a and 
27b can be offset by lowering the value of the low pass 
filter 20 input-output capacitance so that the high pass 
filterequlvalent input capacitance is absorbed by the low 
pass filter. Proper offset of this equivalent input capaci- 
tanceatboth input-outputtemrilnals of the low pass filter 40 
20 results in regaining the desired input-output Imped- 
ances and frequency response. 
[0029] Rgure 4 illustrates an altemative embodiment 
of the invention. The low pass filter 1 00 uses inductance 
Input LI and inductance output l^, along with induct- ^5 
ances 1^, L4 and L5 and capacitors C1 and C2. High 
pass filters 200 and 300 employ inductance inputs L6 
and L9, as well as Inductances L7, L8 and LI 0 and L11 , 
In series with capacitors C3 and C4 as well as C5 and 
Ce, terminating in resistances R1 an R2 each having 50 so 
ohms resistance values, for hanmonic dissipation. At the 
pre-detennined band of frequencies (for instance. 13.56 
MHz, ±5%), the high pass filters 200 and 300 may have 
equivalent inductance values at their input ports. This 
inductance effect can be offset and absorbed by the in- 55 
ductive Input and output ports series input inductance 
of the low pass filter 20 by adjusting Inductance values 
at the low pass filter 20 Input and output. 



[0030] Variousmodifications of this harmonic filterare 
possible depending on the intended application. For ex- 
ample, the resistors, inductors and capacitors can be 
matched to an impedance other than 50 ohms, if appm- 
5 priate. 

[0031] Moreover, the dual directional diplexer can al- 
so be employed in other high-power, high frequency ap- 
plications where a non-linear source drives a linear or 
non-linear load with high VSWR. 
10 [0032] While the invention has been described in re- 
spect to the above embodiments of the Invention, it 
should be understood that the invention is not limited to 
these precise embodiments. Rather, many modifica- 
tions and variations will present themselves to persons 
15 skilled in the art without departure from the scope and 
spirit of the inventions, which is defined in the appended 
claims, as Interpreted by the description and drawings. 

20 Claims 

1 . A dual directional hamrionics dissipation filter for a 
radio, frequency generator system for coupling be- 
tween a power source capable of providing a radio 
frequency signal in a predetennined frequency 
range, and a load, said filter comprising: 

an Input temninal coupled to a power source 
providing a radio frequency signal in a prede- 
termined frequency range; 
an output temfilnal coupled to said load for pro- 
viding the radio frequency signal to said load at 
the predetermined frequency range; 
a low pass filter having an input and output, the 
low pass filter connected between the input ter- 
minal and the output temninal; and 
a plurality of high pass filters coupled to the low 
pass filter wherein the plurality of high pass fil- 
ters dissipate signals in excess of the predeter- 
mined frequency range and the plurality of high 
pass filters have a predetermined circuitry ef- 
fect selected from the group consisting of ca- 
pacitance and inductance, said effect being off- 
set by the low pass filter at the Input and the 
output. 

2. The filter of claim 1. wherein the plurality of high 
pass filters comprise a first high pass filter and a 
second high pass filter, the first high pass filter being 
connected at a junction between the input tenninal 
and the low pass filter input and the second high 
pass filter being connected at a junction between 
the low pass filter output and the output terminal. 

3. The filter of claim 1 . wherein the power source com- 
prises a RF power amplifier. 

4. The filter of claim 1 , wherein the load comprises a 
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plasma chamber 

5. The fitter of claim 4, wherein the output temiinal is 
. coupled to the plasma chamber via an impedance 

matching network. 

6. The filter of claim 1 , wherein the predetemnlned fre- 
quency range is about +5% of 13.56 MHz. 

7. The filter of claim 1 , wherein the low pass filter com- 
prises a Chebyshev design. 

8. The filter of daim 1 . wherein the low pass filter com- 
prises an elliptical design. 

9. The filter of claim 1 , wherein the low pass filter com- 
prises shunt input and output capacitance values. 

10. The filter of claim 1 , wherein the low pass filter com- 
prises a series input and output inductance values. 

11. The filter of daim 1, wherein the high pass filters 
have associated resistance values of about 50 
ohms. 

12. The filter of claim 1, wherein the plurality of high 
pass filters comprise one of Chebyshev or elliptic 
designs. 

13. The filter of daim 1, wherein the high pass filters 
have power dissipation capacities of about 500 
watts. 



quency signal to the load via an impedance 
matching networic at the predetennined fre- 
quency range; 

a low pass filter having an input and an output, 
s an input impedance and an output impedance, 

the low pass fitter connected between the Input 
temilnal and the output temninal; 
a high pass filter coupled to the low pass filter 
output wherein the high pass filter receives and 
10 dissipates hamnonic signals reflected from the 

load in excess of the predetermined frequency 
and wherein the high pass filter has a predeter- 
mined circuitry effect on Impedance at the low 
pass filter output, the effect selected from the 
IS group of capacitance and inductance, and the 

effect is offset by the low pass filter at the ouf- 
put; 

filter nrieans for managing hamionic signals 
produced by the RF power amplifier, the filter 
20 means coupled to the low pass filter input 

wherein the filter means compensates the input 
impedance of the low pass filter. 

1 8. The filter of claim 1 7, wherein the high pass filter Is 
25 connected at a junction between the low pass filter 

output and the output terminal. 

19. The filter of claim 17, wherein the high pass filter 
comprises a first high pass filter and the filter means 

30 comprises a second high pass filter connected at a 
junction between the Input temilnal and the low 
pass filter Input. 



14. The filters of claim 1, wherein the plurality of high 
pass filters each have capacitive inputs having a 35 
pre-determined capacitance value at the predeter- 
mined frequency range. 

15. The filter of daim 1, wherein the plurality of high 
pass filters have indudive inputs having a predeter- ^o 
mined inductance value at the predetermined fre- 
quency range. 



20. The filter of claim 1 7, wherein the filter means com- 
prises a diplexer located at the RF power amplifier. 

21 . The filter of claim 1 7, wherein the filter means com- 
prises a cascading filter located at the RF power 
amplifier 

22. The filter of claim 1 7, wherein the filter means com- 
prises a reflective filter 



16. The filter of claim 1, wherein the high pass filters 
comprise fifth order, 0.1 dB passband ripple, -22 dBc 
minimum rejection Chebyshev design. 

17. A dual directional harmonics dissipation filter for a 
frequency agile RF generator system having an RF 
generator and RF power amplifier for powering a 
load said system comprising an RF power amplifier 
for providing a radio frequency signal in a predeter- 
mined frequency range, said filter comprising: 

an Input temiina! coupled to the RF power am- 
plifier for receiving said radio frequency signal 
in said predetennined frequency range; 
an output tenminal for providing the radio fre- 



23. The filter of claim 1 7, wherein the load comprises a 
plasma chamber and the output temninal is coupled 
to the plasma chamber through an impedance 
matching networi<. 

24. The filter of claim 17, wherein the predetennined 
50 frequency band is a range about ±10% of 13.56 

MHz. 

25. The filter of claim 17, wherein the predetennined 
frequency range is about ±5% of 13.56 MHz. 
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26. The filter of claim 17, wherein the low pass filter 
comprises a Chebyshev design. 
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27. The filter of claim 17, wherein the low pass filter 
comprises an elliptic design. 

28. The filter of claim 17» wherein the low pass filter 
comprises shunt Input and output capacitance val- s 
ues. 



29. The fitter of claim 17, whereiri the low pass 
comprises a series Input and output Inductance. 

10 

30. The filter of claim 17, wherein the high pass filters 
have resistance values of about 50 ohms. 

31. The filter of claim 17, wherein the high pass filter 
has a power dissipation capacity of about 500 watts. ^5 

32. The filter of claim 17, wherein the plurality of high 
pass filters each have capacltive inputs having a 
predetemnlned capacitance value at the predeter- 
mined frequency range. 20 

33. The filter of claim 17, wherein the high pass filter 
has inductive inputs having a pre-detennlned In- 
ductance value at the predetemiined frequency 
range. 25 

34. The filter of claim 33 wherein the low pass filter has 
an Inductance output havirig a predetermined in- 
ductance value at the predetemiined frequency 
range. so 



35. The filter of claim 32, wherein the low pass filter has 
a capacitive output having a predetemiined capac- 
itance value. 

35 

36. The filter of claim 35, wherein an effect of the ca- 
padtance value of the high pass filter on impedance 
is offset at the low pass filter output. 

37. The filter of claim 34 wherein an effect of the induct- 40 
ance value of the high pass filter on Impedance is 
offset at the low pass filter output. 



45 



50 



55 



EP 1263 135 A2 




EP 1 263 135 A2 



RF IN, 
50Q 




FIG. 2 

DUAL DIRECTIONAL 
DIPLEXER 



17 



.RFOUT 
50Q 




RFIN 
50Q 



CI 



f C2 C34: C4 =f=C5 

4 2Za 4r 2^4 



RFOUT 
50Q 



C6 



C7 



C8 



C11 



C10 

^^ 



R2 
50Q 



FT 



C9 



F/6. 3 

DUAL DIRECTIONAL 
DIPLEXER SCHEMATIC 



9 



EP1 263135 A2 



og 

U. U3 



CO 

o 



o 



en 



if3 o 



'-\.A.A>^|ll 

o 

— A/WV 



2g 



lO 



a 



—WV\/ — jit 



8 4: 



6 

&8 



10 



